Abstract Several recent articles have reported conflicting conclusions about educational differences in life expectancy, and this is partly due to the use of unreliable data subject to a numerator-denominator bias previously reported as ranging from 20 % to 40 %. This article presents estimates of life expectancy and lifespan variation by education in the United States using more reliable data from the National Health Interview Survey. Contrary to prior conclusions in the literature, I find that life expectancy increased or stagnated since 1990 among all education-race-sex groups except for non-Hispanic white women with less than a high school education; there has been a robust increase in life expectancy among white high school graduates and a smaller increase among black female high school graduates; lifespan variation did not increase appreciably among high school graduates; and lifespan variation plays a very limited role in explaining educational gradients in mortality. I also discuss the key role that educational expansion may play in driving future changes in mortality gradients. Because of shifting education distributions, within an education-specific synthetic cohort, older age groups are less negatively selected than younger age groups. We could thus expect a greater concentration of mortality at younger ages among people with a high school education or less, which would be reflected in increasing lifespan variability for this group. Future studies of educational gradients in mortality should use more reliable data and should be mindful of the effects of shifting education distributions.
Introduction
There has been a great deal of confusion in recent years on the subject of educational differences in U.S. mortality. Studies have variously concluded that since the 1990s, life expectancy declined among the least-educated white men and women (Olshansky et al. 2012) ; mortality increased among middle-aged whites, due partly to increases in poisonings among the less-educated (Case and Deaton 2015) ; white life expectancy increased among all education-sex groups except for the least-educated white women (Hendi 2015) ; and life expectancy declined among the least-educated white men and women, conditions vastly improved for less-educated blacks, and lifespan variation increased among high school graduates (Sasson 2016) . Demographers whose specializations lie outside the area of mortality have been left wondering what's actually going on, while nonacademics have understandably been convinced by news reports that mortality conditions are dramatically worsening. The discrepancies among these different conclusions is partly the result of faulty data or problematic methods in some of these studies. This comment tries to make sense of these radically different conclusions by replicating the analyses of the most recent of these articles-specifically, Sasson (2016) -using a different, more reliable data set. Sasson (2016) reported that life expectancy declined for white men and women with less than a high school education and increased only modestly for white high school graduates, that conditions improved rapidly for less-educated blacks, and that lifespan variation increased for high school completers. In this comment, I argue that most of these novel findings are subject to a well-known numerator-denominator bias in the data used in Sasson (2016) and that these findings do not hold up when using a more reliable data set. In contrast to the Sasson estimates, I show that between 1990 and 2009, life expectancy increased or stayed constant for every race-sex-education group except for non-Hispanic white women with less than a high school education, a group whose relative and absolute size more than halved over this period. There was a robust increase in life expectancy among white high school graduates but a smaller improvement among black women who completed high school. There was no appreciable increase in lifespan variation for high school graduates, and most groups saw a decrease. I also point out that because of the rapid change in the education distribution over this period, the Sasson estimates may not necessarily be indicative of worsening socioeconomic gradients in mortality.
Dual Data-Source Bias Sasson (2016) constructed education-specific mortality rates using National Vital Statistics System (NVSS) death certificate data on the number of deaths by education (numerator) and census data on the midyear population by education (denominator). Because self-reports of education in the census differ systematically from funeral director/family-reported education on death certificates, these education-specific death rates are subject to dual data-source or numerator-denominator bias. In 1989, 38 % of decedents who were listed as high school graduates on their death certificates previously self-reported being high school noncompleters (Sorlie and Johnson 1996) . That number is close to 23 % for decedents in 1992-1998 (Rostron et al. 2010 ). Thus, not only is differential educational classification a problem, but the bias changes over time. Furthermore, the problem is not restricted to the less-educated. Of decedents who previously self-reported having more than a high school education, only 71 % of whites and 63 % of blacks were reported as having an education beyond high school listed on their death certificates (Rostron et al. 2010) . The misclassification problem is thus equally severe at the upper end of the education distribution and varies by race. Dual data-source bias leads to inaccurate education-specific death rates, and the degree of error varies by time, age, race, and sex.
This bias is mentioned in Sasson (2016) , but the article does not assess the sensitivity of the estimates to the bias and does not use available survey-linked mortality data that would allow one to avoid this problem.
Replication Using NHIS
I replicate the Sasson (2016) analyses using data from the Integrated Health Interview Series (IHIS) version of the National Health Interview Survey (NHIS) 1986-2009 linked to mortality follow-up through 2011 (MPC 2015) . The NHIS is an annual survey of the U.S. civilian noninstitutionalized population and is the largest mortality-linked American survey that allows for the estimation of mortality for the periods in this study. Although it does not include people housed in nursing homes or the incarcerated and may miss people living on the margins of society, it provides a distinct advantage over vital statistics: it allows one to compute education-specific death rates that are unaffected by dual data-source bias because education is self-reported by the individual at the time of survey, so differential educational classification is not a problem. In other words, the NHIS allows one to estimate consistent education-specific life expectancies for the civilian noninstitutionalized population, whereas the NVSS/census data do not allow estimation of consistent education-specific life expectancies for any population.
Respondents aged 25 and older at baseline are allowed to contribute at most 10 person-years of exposure in order to reduce bias resulting from institutionalization of the baseline population (see Online Resource 1). I compute age-sex-education-specific death rates for the non-Hispanic white and black populations using standard occurrence-exposure ratios for five-year age groups (25-29, . . . , 85+). I construct period life tables for three periods: 1988-1992 (centered on 1990), 1998-2002 (2000), and 2007-2011 (2009) , computing graduated n a x values (Keyfitz 1966) . Sample sizes are provided in Table 3 of the appendix. Sasson (2016) reported three main analyses, each of which I replicate in this comment: life expectancy at age 25 (e 25 ), standard deviation of person-years lived beyond age 25 (S 25 ), and an approximate decomposition of the Kullback-Leibler divergence (KLD) into mean and variance components.
1990 and 2009 because this comparison allows the detection of significant changes and because of the interest here in secular trends.
Several differences between the NHIS-based estimates and Sasson's estimates are immediately apparent. Sasson's finding that e 25 declined by 3.1 years and 0.6 years for white women and men (respectively) with less than a high school education is not supported by the NHIS estimates. The NHIS-based estimates indicate that from 1990 to 2009, e 25 declined by 2.5 years for white women and increased by 1.1 years for white men with less than a high school education. In addition, there are discrepancies between the Sasson (2016) and NHIS estimates of change in e 25 between 1990 and 2010/2009 for the following groups (with the Sasson minus the NHIS estimates in parentheses): college or more (+1.1 years) for white women; less than high school (−1.6 years) and high school (−0.8 years) for white men; less than high school (+1.2 1 Among high school graduates, for whom Sasson found the greatest evidence of increasing lifespan variability, S 25 increased by 0.6 years for white men, declined for both black and white women, and remained unchanged for black men. 
Discussion
The central point of this article is that studies using dual data sources to compute education-specific mortality tend to overstate mortality among the less-educated, mistakenly report long-term declines in life expectancy among less-educated whites, overstate educational differences in mortality, and exaggerate the convergence in mortality between less-educated blacks and whites. The discrepancies between the trend estimates in Sasson (2016) and this comment are sizable and likely due to numerator-denominator bias in the NVSS/census data. Although I cannot definitively rule out that the two sets of results are discrepant as a result of the NHIS exclusion of the institutionalized, a simulation shown in Online Resource 1 indicates that this is unlikely. What is known definitively on the basis of past studies is that the Sasson estimates suffer from dual data-source bias. The NHIS allows the estimation of a time series of reasonably accurate education-specific death rates for the noninstitutionalized population. The NVSS/census data do not allow the estimation of accurate educationspecific death rates for any population.
Although Sasson (2016) described worsening life expectancy for white high school noncompleters, only modest increases in life expectancy among white high school graduates, and rising lifespan variability among black and white high school graduates, those findings were based on flawed data. Estimates based on more reliable data lead to different conclusions. Between 1990 and 2009, life expectancy improved or stayed constant for every race-sex-education group except for non-Hispanic white women with less than a high school education, consistent with previous research (Hendi 2015) . White high school graduates experienced robust increases in life expectancy on the order of 1.0-2.6 years. Black women with a high school education did not experience life expectancy increases that were as large as indicated in Sasson, which raises doubts about that article's conclusion that there is a black-white convergence in life expectancy for the less-educated. Lifespan variability does not appear to have risen dramatically among high school graduates between 1990 and 2009. The magnitudes of changes in S 25 aren't large, and the relative magnitudes of the variance components of the KLD are census rates used in Sasson (2016) have lower sampling variance, their 20 % to 40 % bias is unacceptable, especially when the same results are not obtained from a different, more reliable data set. In short, the evidentiary basis for such conclusions is weak.
What does this mean more broadly for the literature on education and mortality? For consumers of this literature, it means that we shouldn't trust NVSS/census-based estimates of education-specific mortality. Sometimes this has led to erroneous conclusions, as in Sasson (2016) and Olshansky et al. (2012) . In other cases, some conclusions hold true: in Case and Deaton (2015) , the conclusion that poisoning mortality is concentrated among the less-educated remains correct, but numerator-denominator bias leads to inconsistent estimates of the magnitude of education-cause-specific mortality (see Ho 2017) .
2 Here is what we do know: to the best of our knowledge, life expectancy appears to have improved or stagnated since 1990 for all race-sex groups except for non-Hispanic white women. Race differences in life expectancy remain sizable, although they have narrowed since 1990. The difference in life expectancy between the highest and lowest education categories is growing, in part due to the increasing negative selectivity of the lowest education category (discussed later herein).
Mortality researchers need to adhere to a stronger set of standards and not countenance the use of data known to be faulty. And unusual results should be questioned. Researchers should follow a set of guidelines that includes at least the following: age-standardize when the age interval is larger than five years; benchmark estimates against U.S. life tables to ensure they are ballpark-correct; report how n a x values are computed; and validate model assumptions, such as proportional hazards.
Although these and future studies of education-specific mortality should eschew dual data sources in favor of mortality-linked survey data, such as NHIS, there is still the question of what to do when researchers need larger sample sizes or want to study causes of death not clearly identified in surveys. One solution is to use formal demographic relations combining information from multiple data sets, thus avoiding numerator-denominator problems. Better data are needed going forward to study racial and socioeconomic variation in mortality. Such a data set would require, at a minimum, much larger sample sizes than the NHIS, the inclusion of institutionalized persons, and self-reported age, race, and education. Ideal candidates are the census and American Community Survey (ACS) linked to the National Death Index. In the meantime, the conclusions of studies that suffer from dual data-source bias should be discounted, particularly when their conclusions are at odds with established findings and trends.
Even though S 25 for high school graduates hasn't increased dramatically in the NHIS, an increase in the future should not be surprising. The reason is compositional change, which is the tendency for the same education category to represent a lower segment of the SES spectrum for younger cohorts than for older cohorts (Hendi 2015) . Compositional change has been a focus of recent research on trends in educational gradients in life expectancy (Bound et al. 2015; Dowd and Hamoudi 2014; Hendi 2015) , and it is clear it can also influence lifespan variation. The category "high school graduate" makes up a smaller component of each successive birth cohort, leaving a smaller and more select group at the younger ages and a larger and less-select group at the older ages. In a cross-section of time (i.e., a synthetic cohort), the proportion of younger people with high school or less is much smaller than the equivalent proportion for older people. For example, among white women in 2010, 31 % of 25-to 29-yearolds have a high school education or less, compared with 74 % of 85-to 89-year-olds. These younger women cannot be said to have the same status as the older women in the same education group. The younger women are more negatively selected than the older women, and as these cohorts age, we will observe an increasingly negatively select set of women at the younger ages relative to the older ages. This would likely lead to a greater concentration of mortality at the younger adult ages, which is precisely what is being captured by increasing lifespan variability.
Compositional change further affects our interpretation of socioeconomic gradients in period life expectancy by pairing young, low-status individuals with older, relatively higher-status individuals in the same synthetic cohort. Thus, a period life expectancy for people with a high school education cannot be said to correspond to any one level of status. Furthermore, changes over time in educational differences in life expectancy do not necessarily correspond to changes in the socioeconomic status (SES) gradient in life expectancy, given that the two extreme education categories represent different mixtures of SES levels at different points in time. Compositional change is important for education-specific life expectancy because it can lead to synthetic cohort estimates that distort age patterns of mortality and thus inflate lifespan variation and invalidate our primary measure of SES gradients in mortality.
How should researchers interpret a potential increase in lifespan variability or a slowdown of life expectancy gains for a low-education group in the context of compositional change? Does it signal a dramatic shift in the mortality regime and a bleak future, as suggested by Sasson (2016) ? I think the answer is that researchers should be cautious. Different data sets give different answers, and the best available data on education-specific mortality suggest that the future may not be all that bleak.
None of this is to say that there is no reason for concern about American mortality. The United States is currently among the lowest-ranking developed countries in terms of life expectancy, and much of that is due to our uncharacteristically high mortality at the younger adult ages, with deaths from drug overdose, motor vehicle accidents, and homicide being more frequent than in other countries (Ho 2013) . New estimates suggest that American life expectancy has stagnated in recent years and may even have declined between 2014 and 2015 (Xu et al. 2016) . Gains in U.S. life expectancy are distributed unevenly across social groups, with the more-advantaged sweeping up the majority of the gains (Elo 2009; Hendi 2015) . Questions about socioeconomic variation in mortality are important. However, using data subject to a 20 % to 40 % measurement error can lead to faulty conclusions. Mortality researchers should take greater care in the future to use high-quality data and account for the effects of changing educational composition.
